Abstract We herein present the results of a survey which assessed the benthic fauna from subtidal to continental shelf depth in the Shirahama area from 2012 to 2016. Our research resulted in the identification of 132 species from 75 families in seven phyla, Cnidaria, Annelida, Tardigrada, Arthropoda, Mollusca, Echinodermata and Chordata. This includes 24 newly recorded species to Shirahama. Two species were also new records for Japanese waters. Furthermore, six undescribed species and five potentially undescribed species were recorded. We provide a selection of relevant photos for future taxonomic studies and monitoring of environmental changes.
Introduction
Japanese coastal area is a global biodiversity hot spot and high number of marine species are recorded (Fujikura et al., 2010) . Numerous marine benthic surveys have been conducted along the Japanese coast. For example, from 1997 to 2014, National Science Museum, Tokyo (NSMT; currently referred as National Museum of Nature and Science) has carried out deep-sea taxonomic surveys in Suruga Bay, Tosa Bay, off Nansei Islands, off Tohoku District and in the Sea of Japan. The study area covered most of the Japanese coast except for Hokkaido. The NSMT has sampled depth as shallow as approximately 50 m but primary survey depth ranged from 100 m and deeper (NSMT, 1997; 2005; 2009; . Water depth is an important environmental parameter, and comparative analysis between shallow and deep-water benthic communities is an active area of research (Sanders, 1968; Gray et al., 1997; Rex et al., 2000; Levin et al., 2001) . But in many cases, the study areas have been limited to either the shallow (subtidal to littoral) or deep (more than 100 m) depths. 'Intermediate depths (approximately 40-100 m)' have been poorly studied in Japan. Recently, the JAMBIO (Japanese Association for Marine Biology) organized ten coastal marine taxonomic surveys, operated from the Shimoda Marine Research Center, University of Tsukuba and Misaki Marine Biological Station, The University of Tokyo, in order to study the marine benthic fauna of Sagami Bay (Namikawa, 2008; Nakano et al., 2015) . Nakano et al. (2015) undertook surveys of this region, and although list of species and detailed locality information were not provided, at least 250 species including 50 likely undescribed species were collected from broad depth range (5-750 m) .
In these studies, photographs of animals were provided for limited numbers of taxa. Photographs support identifications of the animals, and provide confirmation of the taxonomy. They are also useful for recognizing misidentifications, undescribed species and cryptic species for future studies. Because the color of living specimens is lost in dead and preserved specimens, high resolution photographs displaying the color of live specimens is essential to recognize the intraspecific variation, nuptial coloration and the discovery of new characters. Thus, ongoing and comprehensive assessments of marine benthic diversity should include more comprehensive sampling of intermediate, poorly sampled depths, more intensive color imagery, and well-maintained databases of sampled localities.
Shirahama is a temperate marine setting but is influenced by the Kuroshio Current, making its fauna more diverse than those of other adjacent areas on Kii Strait and Kumano Sea (Ohgaki, 2011) (Fig. 1A) . It is an area which remains insufficiently understood in spite of prior research surveys. Seto Marine Biological Laboratory (SMBL) of Kyoto University is located in Shirahama, Wakayama Prefecture, southwestern Kii Peninsula where Kii Strait meets the Pacific Ocean. Many snorkeling and SCUBA diving surveys have revealed the rich marine fauna known from subtidal and littoral settings around Shirahama (e.g. Fauvel, 1936; Yamamoto, 1971; Habe, 1976; Yanagisawa, 1978; Fukano, 1980; Kuwamura, 1980; Irimura, 1981; Noda, 1987; Fujimoto et al., 2013; Yoshida et al., 2013; Zayasu et al., 2013) . Most survey depths have been limited to depths shallower than 30 m. Deeper-water fauna present off Shirahama has been sampled based on fishing bycatch from sublittoral and continental shelf settings taken at Sakai Fishing Port in Minabe, northern part of Tanabe Bay (e.g. Utinomi, 1952; Irimura, 1981) (Fig. 1 ). Bieri and Tokioka (1968) used Dragonnet, a opening-closing quantitative trawl in southern Tanabe Bay and sampled species habitats from shallow-waters to 100 m (Bieri and Tokioka, 1968) . However, the coordinates and depth of the sampling localities were not specified and the depths were mostly restricted to shallower than 100 m.
In this study, we conducted successive investigations in Shirahama using two SMBL research vessels, the 'Janthina' and the 'Zoea'. The purpose of the investigations was to obtain baseline benthic community information. To provide a 'detailed' inventory, the present survey sought to sample localities covered a broad depth gradient (4-295 m); using standardized protocols for dredges and bottom mud samplers. A part of the collected material was examined and the specimens were identified to species level whenever possible. Photographs of animals with value for recording were taken for future comparative research in this area (Fig.  1 ).
Materials and Methods
We conducted fourteen investigations with Janthina ( Fig. 2A ) and one investigation with Zoea (Fig. 2B) at 47 sampling sites, covering a broad sampling area and depth range in Shirahama (Table 1 ; Fig. 1B ). Shirahama Marine Research (SMR) numbers were tentatively assigned to all the sampling sites for this paper. Animals and bottom sediments were collected by using three types of dredges and one bottom sampler: a 50 cm-front biological dredge (Fig. 2C) , a Smith Mcintyre bottom grab sampler (Fig. 2D) , a Kamiya-type dredge (Fig. 2E ) and a dredge for meio-benthos (Fig. 2F) . After picking up relatively large mega-benthos (more than several centimeter), the sediment samples were processed at SMBL with appropriate sieves. In some sampling sites, at least SMR15-03-1 and SMR15-04-1, collection of meiobenthos were carried out by the method of Akiyama et al. (2008) .
Fixation and identification of samples were performed by the researchers participating in the survey or SMBL personnel. Samples were basically fixed with 70-99% ethanol. Holothuroidea (sea cucumber) specimens were fixed with 40-80% ethanol. All holothurian specimens were dissected, and the tentacles, anal appendages, Polian vesicles, stone canals, and calcareous rings were examined under a stereoscopic microscope (Nikon SMZ). To observe the morphology of the ossicles, small pieces of tissue were isolated from the body-wall integument, pedicels, tentacle and introvert. The tissue samples were dissolved in sodium hypochlorite solution (NaClO, 5%) under a compound microscope (Nikon Optiphot). The collected specimens and glass slides of their ossicles have been deposited in the Invertebrate Collection (INV) of the Wakayama Prefectural Museum of Natural History (WMNH), Kainan, Wakayama, Japan. Tardigrades were processed following methods outlined by Akiyama (2008) . Filtered samples were directly fixed with 99% ethanol. To concentrate the sample, Ludox® HS-40 colloidal silica was used following Fujimoto (2015) , a method modified from Burgess (2001) . The specimens were sorted under a stereomicroscope and mounted in glycerol for phase-contrast microscopy (Olympus BX53). In Mollusca, living-specimens (represented as "A" in materials examined) were boiled to remove bodies and preserved in 99 % ethanol. Specimens of dead-shells (represented as "D" in materials examined) were preserved at dry condition.
A subset of sampled animals was photographed alive and later fixed, numbered and labelled. Most specimens were stored at SMBL but some of the collections were deposited in the authors' institutions, museums or personal collections. All individuals were counted, but solitary corals which were account to over 50 individuals were not concretely counted.
Taxonomic accounts Phylum Cnidaria

General remarks
We collected eight species from eight genera, six families of azooxanthellate solitary corals. Concrete numbers of fresh specimens were not counted in this study.
Class Anthozoa Ehrenberg, 1834 Subclass Hexacorallia Haeckel, 1866 Order Scleractinia Bourne, 1900 Family Anthemiphylliidae Vaughan, 1907 Genus Anthemiphyllia Pourtalès, 1878
1. Anthemiphyllia dentata (Alcock, 1902) (Fig. 3A, B (Alcock, 1902) (Fig. 3C, D) Material examined. SMR15-03-1 (50<), SMR15-03-3 (50<), SMR15-07-2 (50<*)
Family Flabellidae Bourne, 1905 Genus Truncatoflabellum Cairns, 1989 3. Truncatoflabellum phoenix Cairns, 1995 (Fig. 3E, F 
Phylum Mollusca
General remarks
We collected 25 species from nineteen genera, fourteen families including two undescribed species (Cylindriscala sp. (Epitoniidae) and Gymnodoris sp. (Gymnodorididae)). Systematics follows Bouchet and Rocroi (2005) , Bouchet et al. (2010) , Oskars et al. (2015) , Gosliner et al. (2015) and WoRMS (World Register of Marine Species) (2016), and species identification follows Nakayama (2000; , Okutani (2000) , Tsuchida (2000) . However, we here refrain from using order level classification because it is under discussion. Most Japanese names follow Okutani (2000) . It cannot be determined whether specimens of dead shell are distributed on the sampling site or not. But records of dead shells have been traditionally considered by molluscan researchers as distribution ranges (e.g. Hasegawa, 2001; 2005 Remarks. This species has been recorded from Nansei Islands (Hasegawa, 2005) , Bungo Channel (Hamada, 2010) , Tosa Bay (Hasegawa, 2001) , Mie Prefecture, (Ikebe, 2006) , Rikucyu coast, (Habe, 1968) . In faunistic surveys of molluscan shells in Wakayama Prefecture (Ikebe, 2006 (Ikebe, , 2008 Phylum Annelida
We collected at least 41 species from 38 genera, 29 families, including two new records from Shirahama and three potentially undescribed species. Of these, it was impossible to identify 14 species and eleven genera to the species level due to their loss of taxonomic characters (e.g. prostomium and posterior segments) in process of sorting. Systematics follows Rouse and Pleijel (2001) and Japanese names follow Imajima (1996 Imajima ( , 2001 Imajima ( , 2007 and Uchida (1992) . However, we here refrain from identifying order level classification because it is under discussion. Remarks. This species is known from Manazuru Bay and the Ariake Sea in Japan (Imajima, 1996) . This is the first record from off Shirahama.
Family Glyceridae Grube, 1850 Genus Glycera Lamarck, 1818 Remarks. This species has been recorded from Oshoro, Tateyama, Misaki, Hiroshima (Jimi et al. 2016) . This is the first record from off Shirahama and the southernmost record of the species. 
Phylum Tardigrada General remarks
We collected at least three species from three genera, one family of the order Arthrotardigrada (class Heterotardigrada) including an undescribed species and a potentially undescribed species. An expansion of habitat range is recorded for Angursa clavifera. The sorting and identification of specimens are still in progress.
Class Heterotardigrada Marcus, 1927 Order Arthrotardigrada Marcus, 1927 Family Halechiniscidae Thulin, 1928 Subfamily Styraconyxinae Kristensen and Renaud- Mornant, 1983 Genus Angursa Pollock, 1979
1. Angursa clavifera Noda, 1985 (Fig. 6A ) Material examined. SMR15-03-1 (1*) Remarks. A four claw juvenile was collected. It is identified to this species based on the following combination of characters: club shaped primary clavae, presence of secondary and tertiary clavae (the exact outlines of these characters were not observable), leg IV sensory organs as enveloped, spherical papillae and short peduncles. However, the sensory organs of legs II and III were not recognized probably due to the leg orientation. This species has been only known from the beach environment (Noda 1985; 1994) and this is the first record of this species from the sublittoral zone.
Genus Raiarctus Renaud-Mornant, 1981
2. Raiarctus sp. (Fig. 6B ) Material examined. SMR15-03-1 (1), SMR15-04-1 (1*)
Remarks. An adult female and a four claw juvenile were collected. This species resembles Raiarctus aureolatus and R. katrinae by the alae-like structure surrounding the body with relatively long pillars. However, it differs from the two known species by the morphology of the cephalic cirri and the leg IV sensory organ. The description of this species is in process.
Family Tanarctinae Renaud-Mornant, 1980 Genus Tanarctus Renaud-Debyser, 1959
3. Tanarctus sp. (Fig. 6C ) Material examined. SMR15-04-1 (1*) Remarks. A two claw juvenile was collected. This species is characterized by the presence of the club-shaped secondary clavae and the simple leg IV appendages. It differs from T. diplocerus, a species reported from a shallower site (water depth: 8.4 m) in the same region (Fujimoto et al. 2013) , by the former character. For further identification, collection of four claw juveniles and adult specimens are necessary. (Fig. 6D-F) Material examined. SMR 15-04-3 (3*2) (Fig. 6D) , SMR 16-01-1 (2*) (Fig. 6E, F) Remarks. All individuals were parasitic on eyes of Pteropsaron evolans (SMR 15-04-3) and Osopsaron formosense (SMR 16-01-1). The copepod is a member of Cardiodectes based on the key to genera of Pennellidae by Uyeno (2015) . It is potentially undescribed because of combination of some morphological characters and its description is in process.
Phylum Arthropoda
Phylum Echinodermata Class Echinoidea Leske, 1778
General remarks
We collected five species from three genera, two families including a potentially undescribed species and a new record from off Shirahama. Systematics follows Kroh and Smith (2010) and Japanese names follow Shigei (1986 (Fig. 8J) Material examined. SMR 15-07-1 (1*) Remarks. This specimen is in states of immature development, and it prevent the specimen from identification to species.
Genus Pentamera Ayres, 1852
11. Pentamera sp. (Fig. 8K ) Material examined. SMR 15-04-3 (3*) Remarks. One of the specimens has a well matured gonad. In the body wall, all the specimens possess thick table ossicles with irregular shaped disc and with or without a short two pillared spire. No other congeners have those characters and this species is considered potentially undescribed species. It was also obtained in Misaki, Kanagawa, eastern Japan (unpubl. data).
Genus Stolus Selenka, 1867
12. Stolus punctata (Ohshima, 1915) (Fig. 8L ) Material examined. SMR 15-04-3 (1*)
Family Psolidae Burmeister, 1837 Genus Psolus Oken, 1815
13. Psolus sp. (Fig. 8M ) Material examined. SMR 15-04-1 (2*) Remarks. Incomplete calcareous rings inferred its immature development and it prevent the two specimens from identification to species.
Class Ophiuroidea Gray, 1840
General remarks
We collected 27 species from 17 genera, eleven families, including one potentially undescribed species,16 new records from Shirahama and two new records from Japan. Two specimens of potentially undescribed species may be a juvenile and an adult. To clarify the species' taxonomic status, additional specimens covering other developmental stages and molecular information are required. Systematics follows Stöhr et al. (2012) and Japanese names follow Irimura (1995) and Fujita et al. (2015) .
Order Euryalida Lamarck, 1816 Family Euryalidae Gray, 1840 Genus Astroceras Lyman, 1879
1. Astroceras coniunctum Murakami, 1944 [Jn: Oni-Tsuno-mozuru] Material examined. SMR15-04-1 (1) Remarks. This species has been recorded from Ogasawara Islands (Murakami, 1944) , Tosa Bay, Kumano Sea and Okinawa (Okanishi et al., 2014) . This is the first record from off Shirahama. Remarks. This species has been recorded from Sagami Sea (Matsumoto, 1917) , off Ishikawa (Murakami, 1943) , off Amakusa (Irimura, 1969) , off Kumano (Saba et al., 1982) and south Korea (Ishida et al., 2001) . This is the first record from off Shirahama.
3. Amphioplus (Amphioplus) ancistrotus? (Fig. 9B Remarks. This species has been recorded from Sagami Sea (Matsumoto, 1917) , off Ishikawa (Murakami, 1943) , off Amakusa (Irimura, 1969) and off Kumano . This is the first record from off Shirahama.
6. Amphiura (Amphiura) koreae Duncan, 1879 (Fig. 9E) [Jn: Cho-Sen-Kumohitode] Material examined. SMR15-02-2 (1*) Remarks. This species has been recorded from Sagami Sea, Kagoshima Gulf and Sea of Japan (Mataumoto, 1917) , Suruga Bay (Matsumoto, 1917; Irimura, 1991; Fujita et al., 1997) , off Sanriku (Irimura, 1991) , Sendai Bay (Fujita, 1996) and off Noto (Fujita and Kohtsuka, 2003) . This is the first record from off Shirahama.
7. Amphiura (Amphiura) micraspis (Fig. 9F) H.L.Clark, 1911 Material examined. SMR13-03-4 (1*), SMR13-04-2 (1).
Remarks. This species has been recorded from off Omai-Zaki (Matsumoto, 1917) , off Amakusa (Irimura, 1969) , Suruga Bay , off Oki Island . This is the first record from off Shirahama.
8. Amphiura (Fellaria) vadicola (Fig. 9G ) Matsumoto, 1915 Materials examined. SMR13-03-5 (4*)
Genus Ophiophragmus Lyman, 1865
9. Ophiophragmus japonicas Matsumoto, 1915 Materials examined. SMR13-02-3 (1), SMR15-04-3 (1) Remarks. This species ha been recorded from Kagoshima Bay, Suruga Bay and Rikuzen (Matsumoto, 1917) . This is the first record from off Shirahama.
Family Ophiacanthidae Ljungman, 1867 Genus Ophiomitrella Verrill, 1899
10. Ophiomitrella stellifera Matsumoto, 1917 (Fig. 9H ) Material examined. SMR15-02-2 (1*) Remarks. This species has been recorded from off Izu (Matsumoto, 1917) and Sagami Sea (Irimura, 1982; Fujita et al., 2006) . This is the first record from off Shirahama.
Genus Ophiomyces Lyman, 1869
11. Ophiomyces papillospinus Litvinova, 2001 [New Jn: Toge-Kanmuri-Kumohitode] Material examined. SMR13-02-1 (2*), SMR15-01-1 (1), SMR15-04-3 (4) Remarks. Ophiomyces papillospinus is known from 510 m of south off New Caledonia so far (Litvinova, 2001 ) and this is the first record of this species from Japanese water, with the shallowest record at 75 m. New Japanese name "Toge-Kanmuri-Kumohitode" is proposed for this species.
Family Ophiactidae Matsumoto, 1915 Genus Ophiactis Lütken, 1856
Remarks. This species has been recorded from Sagami Sea (Matsumoto, 1917) , off Amakusa (Irimura, 1969) , South Korea (Ishida et al., 2001 ) and off Ogasawara Islands (Irimura and Tachikawa, 2003) . This is the first record from off Shirahama. New Japanese name "Noumen-Kumohitode" is proposed for this species.
13. Ophiactis macrolepidota Marktanner-Turneretscher, 1887 ( Genus Ophiurochaeta Matsumoto, 1915 16. Ophiurochaeta mixta (Lyman, 1878) (Fig. 9M ) Material examined. SMR14-03-4 (2*) Remarks. This is the first record of this genus from Japanese waters. Remarks. This species has been recorded from off Omai-Zaki and Sea of Japan (Matsumoro, 1917) and Tosa Bay (Irimura, 1991) . This is the first record from off Shirahama. Remarks. This species has been recorded from Sagami Sea (Matsumoro, 1917 , Irimura, 1982 , Suruga Bay off Shimoda , East China Sea and Sea of Japan (Matsumoto, 1917; Fujita et al., 2014) . This is the first record from off Shirahama.
Family Ophiomyxidae Ljungman, 1867 20. Ophiodera? sp. (Fig. 9O, P ) Material examined. SMR13-01-2 (1*) Remarks. This species may belong to Ophiomyxidae in the features of having skin covering disc and lacks of dorsal arm plates. The most striking feature of this species is their fan-shaped upper-most arm spines and they have never seen in other Ophiodera species. Description of this undescribed species is in process.
Genus Ophiologimus H.L. 21. Ophiologimus hexactis H.L.Clark, 1911 [Jn: Mutsuude-Kawa-Kumohitode] Material examined. SMR13-01-2 (7*), SMR15-02-2 (2), SMR15-04-1 (1) Remarks. This species has been recorded from Sagami Sea (Matsumoto, 1917; Fujita et al., 2006) and Suruga Bay . This is the first record from off Shirahama. Remarks. This species has been recorded from Sagami Bay (Matsumoto, 1917) . This is the first record from off Shirahama. 
Discussion
Although animals examined in this study were only a small fraction of SMR samples, we obtained 132 species from seven phyla in total with six undescribed species and five potentially undescribed species, 22 new record species from off Shirahama and two new records from Japan (Table 2) . A summary of remarkable discoveries are as follows.
Six undescribed species were found in four invertebrate phyla (Mollusca: Cylindriscala sp. and Gymnodoris sp., Tardigrada: Raiarctus sp., Arthropoda: Cardiodectes sp., and Echinodermata: Fibularia sp. and Ophiodera? sp.), and five potentially undescribed species were found in three phyla (Annelida: Samythella sp. Owenia sp. Myriochele sp., Tardigrada: Tanarcus sp., and Echinodermata: Pentamera sp.) (Table. 2). These species are in process of description or further identification under each expert. For tardigrades, the three species found in this study are the deepest records from Japanese waters. We collected one new record of a fish species (Symphurus pentophthalmus) from Shirahama. This finding is a surprise because the fish fauna in Japan is relatively well studied (e.g. . We refrain from comparing benthos communities with respect to each depth zone (shallower, intermediate and deeper) because all samples were not identified in this study. But it is noteworthy that the 'intermediate depth zone (approximately 40-100 m)', included an undescribed species, Cardiodectes sp. (Arthropoda, Crustacea, Copepoda) and two potentially undescribed species, Myriochele sp.(Annelida, Oweniidae) and Pentamera sp.(Holothroidea, Dendrochirotida), and 6 newly recorded species in Ophiuroidea. Annelida and Holothuroidea have also been well studied in Shirahama (e.g. Fauvel, 1936; Imaoka, 1995; Imajima, 1996 Imajima, , 2001 Imajima, , 2007 Imajima, , 2015 and it shows that the 'intermediate depth zone' is an overlooked and unexplored environment in ocean.
According to the strict definition, the parasitic copepod (Cardiodectes sp.) is not a benthos. Accomplishment of this unexpected finding by the present sampling method should be noted here. Moreover, a living specimen of undescribed species of sand-burrowing echinoids (Fibularia sp.) was found in shallow waters near Hatakejima Island (5 m) ( Table 2 ). In this Kyoto University possessed island, at intertidal zone, successive inventory researches of marine biodiversity have been conducted for more than 50 years. Finding of this small irregular echinoid species implicates that sand-borrowers may remain undiscovered even in littoral zone of one of the most intensively studied marine areas in the world (Table 2 ). Surveys focused on those 'overlooked' depth and environment would be desired for future marine biodiversity surveys around Shirahama.
Sponges, decapods, bryozoans and kinorhynchs and other benthic invertebrates were collected during the SMR but are not reported herein. Further examinations for the remaining samples would provide more taxonomic findings.
Images of living specimens provided several significant insights. For example, the ophiurid Ophiopsammus anchista showed beautiful vivid orange stripes on its body, a color pattern which has not been previously reported (Fig. 7L) . In total, photographs of 88 out of 132 species were provided in this study. Combination of these photographs, accurate sampling locality information and species list provide a graphic record of the biodiversity of the fauna from this region for future records.
On the other hand, we could not reconcile species which had only once originally described from the present study area. For example, Ophiolepis utinomii and Ophiocentrus tokiokai (Ophiuroidea) was originally described from subtidal zone of Hatakejima Island (Irimura, 1981) but not discovered during this study. The successive investigations must be important to encourage further monitoring of biotic transition, which should directly connect to environmental changes and we should be able to discuss the extinction of these species by those investigations.
We here conclude that our successive and detailed surveys covering wide range of depth and taxa accompanied with accurate locality data, and species-level identifications, provide important and fundamental information for future marine biodiversity research. 
